Abstract
Introduction
Remuneration (real wage), rate of unemployment and productivity are important economic indicators or measures in an economy. Productivity measures the output produced by workers in various sectors of the economy while remuneration is the cost of producing that output in the form of salaries and wages. Unemployment is a measure of the number of people in the workforce who are out of work or are without jobs. Numerous economic theories have been put forward justifying a relationship between the above mentioned variables, including bargaining, efficiency wage, search and contract theories (Wakeford, 2004) .
There has been an increasing volume of empirical studies regarding the association between labour productivity and remuneration (Goh, 2009 ). Most of these empirical studies found positive long run relationships between labour productivity and remuneration, although the relationship between labour productivity and remuneration has not been one to one. The studies by Hall (1986) , Wakeford (2004) , Alexander (1993) , Strauss and Wohart (2004) for instance, found positive long run relationships between labour productivity and remunerations in the respective countries which they studied, and the increases in labour productivity are linked with a less than unit increase in remunerations (MacKinnon, 1991) .
The marginal productivity theory proposes that exceedingly productive employees are highly remunerated, and less productive employees are less remunerated. At the macroeconomic level, an increase in remuneration is expected to increase the cost of workforce and therefore cause factor substitution from labour to capital. This could increase marginal productivity and, hence, average out labour productivity. Therefore, it is hypothesized that real wages are positively affected by productivity (Goh, 2009) . Employees that are highly remunerated are not likely to move from one company to the other. Thus employers can keep more productive and experienced employees than newly employed ones who may not be as productive. Akerlof (1982) also proposed that when companies increase employees' remuneration, they put forth greater efforts out of a sense of loyalty to those employers.
As mentioned before, remuneration, the unemployment rate and labour productivity are significant economic measures in any economy. A rise in remuneration may increase workers' productivity and could lead to an increase in unemployment rate. This implies that there is a link between remuneration, the unemployment rate and labour productivity and there is a need to confirm whether the variables are at an equilibrium point. The purpose of this study is to use econometrics and statistical methods described above to determine the relationship between employeeremuneration, labour productivity and unemployment and to determine the directions of causality between the series. In this regard, the study asks the following questions: Is there a long-term relationship (cointegration) between remuneration, labour productivity and unemployment? What are the short-term associations between these variables? Can econometric and/or statistical techniques shed some light on the directions of causality between these variables? What models are obtained for these relationships?
The paper is set out as follows. Section 2 discusses some of literature relating to our study. Section 3 briefly outlines the methodological framework for causality issues and the long run equilibrium relationship among these variables. Section 4 presents the results and discussions. Concluding remarks is given in section 5.
Literature Review
The relationship between remuneration, unemployment and labour productivity has received ample attention in literature, although a number of different methods have been taken. The purpose of this review is to provide a brief overview of some of these methods/approaches undertaken by different authors. Erenburg (1998) investigated the long run connection between labour productivity and real wages in the United States (US) from 1948 -1990 and identified a long run, counter-cyclical relationship between real wages and labour productivity once the empirical stance had controlled for capital stocks. The study by Alexander (1993) examined the relationship between labour productivity, unemployment and wages in the United Kingdom (UK) for the year 1955 -1991 at a microeconomic level. She found evidence of a structural break in 1979 and as a result split her sample into two sub periods and then applied the cointegrating vector autoregression (VAR) approach developed by Johansen (1988) , to test for long term relationships between the variables of interest, and then applied the Granger causality concept in an attempt to establish empirically the causal relations between the three variables. Hondroyiannis and Papapetrou (1997) and Gneezy and Rustichini (2000) found that the relationship between labour productivity and real wages is not monotonic and that offering higher remuneration does not always encourage labour productivity (Brown et al., 1976) . Hall (1986) found that remuneration, unemployment and labour productivity formed a cointegrated system in the UK. Ho and Yap (2001) studied wage formation in the Malaysian manufacturing industry from the year 1975 -1997 and they found a very significant relationship between labour productivity and wages for the Malaysian manufacturing industry where in the long run the rise in real wage exceeded the increase in labour productivity. Millea (2002) obtained empirical evidence about the bi-directional relationship between labour productivity and wages, in particular bearing in mind the nature of the wage setting process in different countries. According to Bender and Theodossiou (1999) , there is evidence of cointegration between wages and labour productivity for Denmark, Norway, Sweden, the Netherlands and the UK. Cointegration relation also exists among productivity and employment for Canada and the US, while both cointegrating relations apply to Italy. Nevertheless, there is no relationship between employment and wages for the ten Organisations for Economic Co-operation and Development (OECD) countries under study.
The study by Wakeford (2004) found that there exists long run equilibrium between real wages and labour productivity in South Africa, unemployment was apparently not linked to the two variables. In the short run, real wages had a negative impact on labour productivity but not for the reverse case (Hall, 1986; Alexander, 1993 and Wakeford, 2004) . Fedderke and Mariotti (2002) alludes that during 1990 there was evidence of a structural break in their analysis at sectorial level. This phenomenon accrued from changes in employment and an accumulating skills intensity of production. Numerous factors may reveal a structural break in or around 1990. Using the Engle and Granger approach, Du Toit and Koekermoer (2003) found a negative long run relationship between the unemployment rate and real wages and a positive connection with labour productivity.
As mentioned before, the marginal productivity theory recommends that highly productive employees are highly compensated, and less productive employees are less highly compensated. Higher productivity in turn could cause remunerations to rise. Therefore, it is hypothesized that labour productivity has a positive impact on remuneration. However, the effect of an increase in labour productivity on unemployment is ambiguous. As labour productivity rises, employees are more efficient (which implies lower demand for labour), hence, the rate of unemployment could increase. Alternatively, an increase in labour productivity could have a positive impact on employment via its contribution to higher output (which implies higher demand for labour), thereby decreasing the rate of unemployment, ceteris paribus (Alexander, 1993 and Wakeford, 2004) . A rise in labour productivity is a basic source of improvement in remuneration and thus living standards (Du Plooy, 1988) .
If wages should increase rapidly, but productivity increases more even more rapidly, then the net impact on the economy would normally be positive. This is because the cost-increasing impact of wages would be neutralised by the productivity increases. The sharp increases in labour productivity were achieved by reducing the work force, which in turn might have been caused by the sharp increases in real wages that took place in earlier years. There might thus be a link between the increases in the real wages in earlier years and the sharp increases in productivity in later years. It should also be taken into account that a wage increase could under certain circumstances lead to an equivalent productivity increase, which is called the efficient wage hypothesis (Barker, 2002) .
The efficiency wage theory suggests that wages affect both labour productivity and unemployment. The theory also proposes that the higher the wage level of an employee, the higher the effort level of his employee. This implies that raising the wage level of employees enables them to increase productivity, because employees make a great effort to respond to high incentives provided by employers. Akerlof (1982) argued that increasing wages can stimulate employee exertion and strengthen long term employment relationships. Highly paid employees are less likely to resign or to move from one company to the other. Thus firms can retain more skilled and productive employees than newly-hired workers who may not be as productive as experienced workers. This could also have an impact on unemployment rate. Hence, it is hypothesized that wages positively affect both productivity and unemployment.
The gift-exchange model of Akerlof (1982 Akerlof ( , 1984 argued that a higher wage is seen by employees as a gift from the employer, and they will return this gift in the form of higher effort (being more productive). The fair wage-effort model of Akerlof and Yellen (1990) documented that if employees were compensated a wage below what they perceived as fair, they would not put as much effort as they would if they get a "fair" wage. Therefore, the efficiency wages theory proposes that real wages induce labour productivity rather than the reversal.
In South Africa, some studies have been conducted using different techniques to find the relationship between remuneration (real wages) and labour productivity for different countries. For example, Hall (1983) , Ho and Yap (2001) , Du Toit and Koekermoer (2003) found the long run relationship between remuneration and labour productivity using Engle and Granger approach while Alexander (1993) and Wakeford (2004) analysed the same relationship using Johansen technique. Using Johansen cointegration technique, this study intends to contribute to the empirical knowledge by analysing the relationship between remuneration and labour productivity in South Africa. The following section deals with the methodology of the paper.
Reseach Methodology

Data source
The data used here as mentioned is yearly secondary data set from 1970 to 2011 obtained from the World Bank, Statistics South Africa and the South African Reserve Bank (SARB). This paper uses three variables, namely: total remuneration per worker and labour productivity, both pertaining to non-agricultural sector. The third variable is the total, economy wide rate of unemployment, calculated according to the broad definition. All variables used in this study were transformed in logarithmic form so that coefficients can be interpreted as elasticities and are unit free. Eviews software package will be used to do necessary analysis of the study.
Cointegration analysis
Several macroeconomic time series contain unit roots dominated by stochastic trends as developed by Nelson and Plosser (1982) . The first step is to test for unit roots using Augmented Dickey Fuller (ADF) (1979, 1981) and the PhillipsPerron (PP) (1988) tests. If the series is nonstationary and its first difference is stationary, then the series contains a unit root. The second step is to test for cointegration among variables using the Johansen's (1991) technique. Initially obtain a VAR model then apply the Johansen technique, involves the identification of rank of the n x n matrix in the specification given by:
where is a column vector of the n variables, is the difference operator, and are the coefficient matrices, k denotes the lag length and is a constant. In the absence of cointegrating vector, is a singular matrix, which means that the cointegrating vector rank is equal to zero. Then again, in a cointegrated scenario, the rank of could be anywhere between zero and n. In other words, the Johansen cointegration test can determine the number of cointegrating equation and this number is named the cointegrating rank. If 0 < r < n then there are matrices of a and such that:
where is cointegrating vector; hence, is I(0) although are I(1) and the strength of cointegration relationship is measured by 's. in this framework, (A0, A1,…, Ap-1, , ) are estimated through maximum likelihood procedures, such that can be written as in (2). To estimate these parameters, the two step procedures must be followed. In the first step, regress on and obtain the residuals . In the second step, regress on and obtain the residuals . The Johansen Maximum likelihood test provides a test for the rank of , namely the trace test and the maximum eigenvalue test
The first step is to obtain the statistic which tests whether the number of cointegrating vector is zero or one. The next step is to obtain, the statistic which tests whether a single cointegration equation is sufficient. The null hypothesis H0 test that r = h, 0 h < n against the alternative H1 which tests that r = n by obtaining the following statistics:
, where , are the estimated n -r smaller eigenvalues. Equation (3) follows distribution and called as trace statistics. Furthermore, the null hypothesis to be tested is that there are at the most r cointegrating vectors. That is, the number of cointegrating vectors is less than or equal to r, where r is 0, 1, 2... and so forth. In each case, the null hypothesis is tested against the alternative.
Alternatively, the L-max statistic is:
In this test, the null hypothesis H0 of r cointegrating vectors is tested against the alternative hypothesis H1, of r+1 cointegrating vectors. Thus, the hypothesis r = 0 is tested against the alternative that r = 1, r = 1 against alternative r = 2 and so forth.
The third and final step in this study involves a Granger causality test to investigate the casual relationship between the variables of interest. If the economic time series is found to be cointegrated, an econometric framework for an Error Correction Model (ECM) representation can be stated. The ECM procedure can reconcile the long run equilibrium with disequilibrium behaviour in the short run, which allows testing for short term or dynamic causality. According to this approach, "If X and Y are two jointly covariance stationary processes, then X is said to Granger cause Y if past Y and past X better predicts current Y than past Y alone" (Alexander, 1993) .
The ECM specification can be written as follows:
where L_REMUNt is logged total remuneration, L_LABPRODt is logged total labour productivity, is the first-order differencing operator and ECTt-1 stands for the preceding period's error correlation term generated from a cointegrating equation using ordinary least squares (OLS) estimator.
Results and Discussion
Preliminary Data Analysis
The initial step in this analysis is to perform preliminary relationship tests. The correlation coefficients presented in table 1 below provide an initial indication of the relationships among the three variables. The correlation coefficients presented in Table 1 above give a more precise summary of the relationships among remuneration, labour productivity and unemployment. The correlation coefficient ranges from 0.7 to 0.9. This means that the pairwise correlations are all strongly positive. It can be concluded that there is a strong positive correlation among all the variables. When productivity increases, employees' contribution to the firms' revenue also increases causing demand for workers to increase. As remunerations are determined by supply and demand, an increase in demand will lead to an increase in remunerations. The next step is to test for structural break using Chow's test and the results are presented in table 2 below. Test: 1990 , Equation Sample: 1970 -2011 The Chow test shows that there is an evidence of a structural break on the year 1990. The probability value of Log likelihood ratio and Wald statistics is significant at the 5% level of significance while the F-statistics is significant at 10%. The break could be caused by the state of the economy around the year 1990 when South Africa experienced a severe recession.
The Cointegration Results
As discussed in the methodology section, before applying cointegration techniques the stationarity properties of the series (in logged form) must be analysed. Here we use both the ADF and the PP test for examining the order of integration of the variables. The unit root tests are presented in table 3 below. The results in Table 3 show that all the three variables are stationary at their first differences confirming that the presence of stochastic trends. As the variables follow the same order of integration, I(1), now the study can turn to cointegration in which the long run equilibrium among the variables can be examined. The next step is to apply the Johansen cointegration test to test for the existence of a long run (cointegrating) relationship between L_LABPROD, L_REMUN and L_UNEMP. Results in table 2 shows that there is a significant evidence of structural break in 1990; therefore the study will follow Maddala and Kim (1998) methodology which allows for structural breaks in the first instance. Their methodology involves estimating a VAR and testing for lag order, determining the number of cointegrating vectors using the Johansen procedure, and then estimating error correction models if a cointegrating relation is found. Throughout this process, a dummy variable (D90) is used to test for the presence of a structural break in the year 1990. Johansen's (1988) maximum likelihood test for cointegration can be applied. L_REMUN, L_LABPROD and L_UNEMP, 1970 -2011 Banerjee et al (1993) , in a case where there is a different value of the two tests, the results obtained from the Maximal Eigenvalue of the Stochastic Matrix are preferred (Banerjee et al., 1993) implying that it is concluded that there is one cointegrating equation. This gives an allowance to estimate the long term relationship and ECMs. The long term equilibrium vector is estimated to be Z = L_REMUN + 2.47 L_LABPROD -1.257 L_UNEMP. The coefficient of L_LABPROD has a standard error of 2.17 and is therefore insignificant and the coefficient of L_UNEMP has a standard error of 3.2 and is clearly insignificant 1 . It is therefore not possible to conclude that a long term relationship exists among these three series for this sample period. L_REMUN, L_LABPROD and L_UNEMP, 1990-2011 In the 'unrestricted intercepts, no trends' case, the trace test and max-eigenvalue tests indicate that there is one cointegrating vector. The probability value of 0.33 for "at most one" is greater than five percent level of significance. The hypothesis relating to "at most one" cannot be rejected, which means that there is a single cointegrating vector. The long term equilibrium vector is estimated to be Z = L_REMUN + 2.53 L_LABPROD -8.83 L_UNEMP. The coefficient of L_LABPROD has a standard error of 0.54 and is therefore significant and the coefficient of L_UNEMP has a standard error of 1.18 and is therefore significant.
Cointegration test for
Error Correction Results
As a cointegrating relationship was found between L_REMUN, L_LABPROD and L_UNEMP for the period 1990 to 2011, it may be concluded that there is a long run relationship between the variables but in the short run they might drift apart. The residuals from the long run relationship are used to estimate the short term/run adjustment. The table 10 below gives the summary of the ECMs. Note: *significant at 5 percent and **significant at 10 percent. Parentheses indicate standard errors
The ECM term is negative as expected, indicating that remuneration adjusts back towards equilibrium (with productivity) following a shock in the previous year. The magnitude of this coefficients suggest that approximately 0.18 and 0.58 of the disequilibrium is corrected for L_REMUN and L_LABPROD respectively. The coefficient of the error correction term in the L_LABPROD is large, indicating a rapid adjustment of labour productivity to equilibrium. For the L_REMUN model, none of the lagged labour productivity is significant which means that labour productivity has no impact on remuneration in the short term. The table above gives the result of causality between labour productivity and remuneration. The probability 0.5225 is more than the 5 percent level of significance therefore the null hypothesis is not rejected. This implies that L_LABPROD does not Granger causes L_REMUN and the alternative hypothesis is also not rejected, meaning that L_REMUN does not Granger cause L_LABPROD.
Granger Causality Test
Conclusions
The long run equilibrium relationship between remuneration and labour productivity in South Africa is found in this study using annual time series data from 1970 to 2011. Unemployment does not form part of the cointegrating relationship between remuneration and labour productivity. The study tested for structural break and it is detected in 1990. This research paper also employed ADF and PP tests to investigate the stationarity and it was found that variables are nonstationary at level but stationary at first difference. On application of the Johansen cointegration technique, cointegration is detected between remuneration and labour productivity for this period 1990 to 2011. The coefficient of the error correction term in the labour productivity is large, indicating a rapid adjustment of labour productivity to equilibrium but this labour productivity does not seem to have any impact on remuneration in the short term. The findings of this study are comparable to previous studies conducted using similar variables. For example, the study by Hall (1983) , Wakeford (2004) , Du Toit and Koekermoer (2003) , Bender and Theodossiou (1999) and Ho and Yap (2001) found that there is a long run relationship between labour productivity and wages. On application of the Granger causality it was found that there is no causality between labour productivity and remuneration in South Africa and vice versa.
